Summary. The effect of injections of ovine prolactin on kidney structure was examined in the first l0 days following transfer of seawater sticklebacks to fresh water.
Introduction
This study deals with the effect of ovine prolactin on kidney structure in sticklebacks transferred from sea water to fresh water. Attention is paid to glomeruli, juxtaglomerular cells, nephronic tubules and ureters. The occurrence of structural changes is investigated with light and electron microscope, by means of morphometrical and stereological techniques.
Prolactin influences water and electrolyte metabolism in teleosts as well as mammals (Maynoya et al., 1974) . It is of primary importance for osmoregulation in freshwater teleosts. Furthermore, prolactin facilitates the osmoregulatory adjustment of euryhaline teleosts during migration from the sea to fresh water (Ensor and Ball, 1972; Lam, 1972) . This effect of prolactin, established for many species, has also been demonstrated in the threespined stickleback. Glomeruli and renal tubules have been mentioned as targets for this hormone (Lam and Hoar, 1968; Lam, 1968; Lam and Leatherland, 1969a, b) . Transfer of seawater adapted sticklebacks to fresh water is followed by the excretion of large volumes of urine. This increase in urine flow, as a reaction to high water influx in fresh water, is stimulated by prolactin. It has been suggested that this effect results from an increase in glomerular filtration rate, since changes have been reported in glomerular morphology following injection of mammalian prolactin (Lam and Leatherland, 1969b) . In our opinion, the nature of these changes does not unequivocally point to involvement of prolactin in control of glomerular function. The possibility remains that the increase in urine flow is effected by a prolactin controlled reduction of tubular water permeability (Ensor and Ball, 1972) . The effect of prolactin on glomerular structure is therefore investigated in this study.
There is firm evidence that prolactin controls the uptake of ions in the kidney tubules of freshwater teleosts.
After transfer of euryhaline teleosts from sea water to fresh water, urine osmolality is high. This leads to a drop in plasma osmolality. Injection of prolactin reduces urine osmolality and restores plasma ion levels (Ensor and Ball, 1972) . The involvement of endogenous prolactin is indicated, since it has been found in several species that migration to fresh water leads to activation of the prolactin producing cells in the hypophysis (Nagahama and Yamamoto, 1971; Ball and Ingleton, 1972) . Although this effect has not been found in all species examined (Cook and Van Overbeeke, 1969) , it has been reported for sticklebacks (Leatherland, 1972) .
The hypothesis is examined in this study that prolactin not only stimulates ion transport rates but also controls structural adaptation processes in the kidney tubules after transfer from the sea to fresh water. In a former quantitative study with light and electron microscope (Wendelaar Bonga, 1973a ) the kidney tubules of sticklebacks from the sea and from fresh water have been compared. Marked structural differences have been found in the nephronic tubules and in the ureters. The tubular epithelia are better developed in fresh water than in sea water. The values found for cell height, nuclear size, and especially mitochondrial volume and surface of the labyrinth (the membrane system containing ion transport mechanisms) are all significantly higher than in seawater sticklebacks. These structural differences have been related to differences in kidney function between freshwater and seawater fishes (Wendelaar Bonga, 1973a) . It is expected that transfer of seawater sticklebacks to fresh water leads to extensive growth of the tubular cells. If prolactin is involved in the control of these growth processes, administration of the hormone will lead to an increase of the rate at which the changes take place.
Materials and Methods
Adult females of the marine form (trachurus) of Gasterosteus aculeatus were obtained from the Wadden Sea in autumn and winter. They were kept in containers with natural sea water, filtered and aerated continuously, at a temperature of 15~ and a light regimen of 8L 16D. The light period started at 8.00 a.m. Body length varied from 65 to 70mm. After an acclimatization period of at least 2 weeks in natural sea water, the fishes were transferred into tanks with tap water (at 9.00 a.m., day 0). The concentrations (mmol/1) of the main electrolytes in tap water as determined by atomic absorption spectrophotometry were: Na: 2.13; K: 0.06; Ca: 0.05; Mg: 0.21; Cl: 1.75.
A series of daily injections started at 9.00 a.m., day 0. An experimental group was injected intraperitoneally with ovine prolactin (N.I.H.-P-Sg; mean potency 30.30 I.U./mg. ; growth hormone activity less than 0.010 USP units/mg; kindly supplied by the National Institutes of Health, Bethesda, Maryland). Every experimental fish was given a daily injection containing 0.3 I.U./g body weight, dissolved in 0.05 ml of a 0.6% NaC1 solution. Controls were injected daily with the same volume of the saline solution.
Fixation for light and electron microscopy followed at day 0 (prior to transfer) and 3, 6 and 9 days after transfer. In an additional experiment prolactin injections were started 4 days before transfer. Fixation followed before and 12 and 24 h after transfer.
The effect of transfer from fresh water to sea water was studied in sticklebacks reared in freshwater aquaria under the conditions described. The kidneys of groups of 3 fishes were prepared for microscopical examination, 3, 6 and 9 days after transfer to natural sea water.
The fishes were killed by destruction of the brain. The kidneys were prefixed in situ for 5 min in phosphate buffered (pH: 7.4; 0.1 M) glutaraldehyde (2%). After excision, they were cut in 2 parts by a medial section. One half was prepared for electron microscopy, the other half for light microscopy.
Light microscopy. The tissues were immersed for 24 h in Bouin's fixative. Paraffin sections of 7 Ix thickness were prepared and stained with Periodic-Acid-Schiff after McManus, with Mayer's heamalum as a counterstain.
Electron microscopy. The kidneys were fixed for 1 h at 0~ in a freshly prepared mixture of glutaraldehyde (2%) and osmiumtetroxide (1%) in phosphate buffer (0.1 M; pH 7.4). Ultrathin Epon sections were examined, after staining with Reynold's lead citrate, in a Philips EM 100 or EM 300 electron microscope.
For establishing the diameter of Bowman's capsules and of the glomeruli, the mean values of 25 corpuscles per animal were determined. To obtain the maximal diameters for each corpuscle, measurements were made in those sections showing the vascular pole of the glomerulus as well as the neck segment of the nephronic tubule. The mean value of 2 measurements, taken at angles of 45 ~ in respect to the glomerular axis, was determined. For estimating the cell height in the various segments of the nephronic tubules and of the ureter, circular cross sections were selected. Per animal 25 determinations were made for each epithelial type. Nuclear surfaces were calculated on the basis of length and width of 50 nuclei per animal. Measurements refer to nuclei with maximal dimensions in the plane of sectioning. All morphometric determinations were made in paraffin sections.
Stereological data of the renal cells were obtained by linear integration at the ultrastructural level (Loud et al., 1965) . A square grid of sampling lines (the distance of the lines normally being 10 mm, for the sampling of lysosomes 5 ram) was projected on electron micrographs with a final magnification of 20,000 • The sampling lines were projected under an angle of 19 ~ (or 71 ~ with respect to the basis of the cells, as suggested by Sitte (1967) for the analysis of non-randomly distributed cellular structures. Only circular cross sections of the tubular epithelia were used for ultrastructural analysis. They were selected in 1 Ix thick Epon sections in the light microscope. In electron micrographs, a length of 600 IX of each cell type per animal was sampled for determining the mitochondrial volume and the extent of the membranes of the basal labyrinth, and a length of 1,000 la for estimating the volume of the lysosomes. The nuclei were excluded from the sampling area. The extent of the basal membranes was expressed as surface of membrane per volume of cytoplasm, by making use of the equation given by Loud et al. (1965 
Observations
Clusters of 10 to 20 renal corpuscles are found throughout the trunk kidney. Each corpuscle is supplied with blood by a short arteriole. The arterioles running to a cluster of corpuscles are branches of a single artery. Juxtaglomerular cells are located as a layer around this artery and occasionally also around the arterioles. The nephronic duct consists of a very short neck segment, a first and second proximal segment, and a collecting tubule. The collecting tubules draining a cluster of corpuscles fuse to form a common duct which ends in one of the two ureters. Both ureters run parallel to each other and open into the bladder.
The kidneys of 7 groups of 5 seawater sticklebacks were quantitatively studied with light and electron microscope. To obtain reference values, one group of untreated seawater fish was fixed at day 0. At the same day the other groups were transferred to fresh water. They were divided in two series of 3 groups. The fish of one series were injected daily with ovine prolactin dissolved in saline. The fish of the other series were daily injected with solvent only, and used as controls. A group of both series was prepared for light and electron microscopy, 3, 6 and 9 days after transfer. Renal corpuscles, nephronic tubules, ureters, and juxtaglomerular cells were examined. Lam and Leatherland (1969 b) have concluded from experiments on Gasterosteus aculeatus that the diameters of renal capsules and of glomeruli of sticklebacks are positively related to the glomerular filtration rate. Therefore these diameters were chosen as parameter for glomerular activity. The maximal diameter of each capsule and of each glomerulus was determined. The relationship between the sizes of glomerulus and capsule is expressed as the ratio of the respective diameters (glomerular ratio).
L Renal Corpuscles
The glomeruli are made up of capillaries lined by a wall consisting of an inner layer of fenestrated endothelial cells, a basal lamina and an outer layer of podocytes. Mesangial cells are located between the basal lamina and the podocytes. The podocytes are better developed in fresh water, the mesangial cells in sea water (Wendelaar Bonga, 1973a) . Both cell types were studied in the present transfer experiments. For podocytes, the size of the nuclei was used as a parameter for general cell activity. The mesangial cells, hard to discriminate in the light microscope, were studied only ultrastructurally.
The glomeruli normally occupy almost completely the lumen enclosed by Bowman's capsule (glomerular ratio: 0.85-0.95). In a number of animals the glomeruli are much smaller than the capsules, leaving a marked space between the glomeruli and the capsular epithelium. The lumen of the capillaries of such glomeruli is usually hardly visible. The glomerular ratio of these glomeruli is less than 0.80. We found that their occurrence, also reported by Lam and Leatherland (1969 b) , appeared to be at least partly dependent on the preparation procedure used to excise the kidneys. They were more frequently encountered in fish killed after anesthetization (with MS 222) or by decapitation. They were hardly found when the sticklebacks were killed by destruction of the brain, followed by prefixation in situ, as was done as a routine in this study. Bleeding is limited after this procedure. It is possible that a sudden drop in blood pressure, as may occur during anesthetization or after decapitation, accounts for the occurrence of small glomeruli. The latter may have been collapsed when the hydrostatic pressure in the glomerular capillaries fell below the pressure in the lumen of Bowman's capsules. a) Sea Water, Day O. The diameter of the glomeruli is only slightly smaller than the diameter of Bowman's capsule (glomerular ratio : 0.88).
The mesangial cells are well developed. This is concluded from the presence of nuclei with distinct nucleoli, surrounded by cytoplasm with many free ribosomes, some strands of rough endoplasmic reticulum, some mitochondria, and a Golgi zone. The cells have many elongated cytoplasmic processes, which penetrate the connective tissue matrix between the basal lamina and the podocytic layer. The cells are numerous, especially near the vascular pole, but they also occur in the capillary loops.
The podocytes show the common vertebrate structure, with interdigitating cytoplasmic processes forming pedicels (Fig. 1 ). An occasional Golgi zone, some mitochondria and a few strands of granular endoplasmic reticulum are found in the cytoplasm surrounding the nucleus. The nucleoli are indistinct. Secretory globules (Wendelaar Bonga, 1973 a) are scarce.
The quantitative data on renal corpuscles, glomeruli, and podocytes are presented in Fig. 3 , day 0. b) Fresh Water. During the first 9 days of adaptation to fresh water, the size of Bowman's capsules does not notably change in either of the experimental groups (Fig. 3 a) . The mean diameter of the glomeruli increases slightly in the first days (Fig. 3 b) . At day 3 the difference with the seawater group amounts to 5% for the prolactin treated group (p>0.05) and 8% for the controls (p < 0.05). The difference between the latter groups is non-significant.
Structural changes in the podocytes, indicating cellular activation, are noticeable already at day 3. The changes are similar in the prolactin treated group and in the controls. The nuclei are slightly enlarged (Fig. 3c ). The number of free and bound ribosomes is higher, while large electron transparent globules are occasionally found. These globules, with a diameter varying between 1 and 3 ~tm (Fig. 2) , have been considered as secretory products. The substance concerned, which reacts PAS-positive, is possibly released from the cells and incorporated in the basal lamina, as is suggested by its histochemical similarity with the material constituting this lamina (Wendelaar Bonga, 1973a) . After 6 or 9 days of exposure to fresh water, one or more secretory globules are present in many of the podocytes. The size of the nuclei, significantly different from that of the seawater group (p < 0.01), shows values characteristic of fresh- To verify the presence of a similar phenomenon shortly after transfer, an additional experiment was performed. Six groups of 5 seawater fishes were transferred, at day 0, to fresh water. From up to 4 days before transfer, they were daily injected: half of the groups with prolactin, the others with solvent (controls). At day 0 (prior to transfer) and 12 or 24 h after transfer, the kidneys of a prolactin injected group and a control group were prepared for light microscopy. The results concerning the renal corpuscles (Table 1) show that the diameters of Bowman's capsules do not change. Compared to the seawater group, the glomeruli show an 8% increase in diameter after 12 h in fresh water (p<0.05). There is no further increase in the next 12 h. The changes in the prolactin treated group and in the controls are similar (p > 0.1).
II. Nephronic Tubules and Ureters
The various segments of the nephronic tubules-the neck segment, the first and second proximal segments and the collecting tubule-and the ureters are all lined by a columnar epithelium. The structure of the apical parts of the cells is specific for each of the tubular epithelia. The cells of the first proximal tubules have a brushborder and a lysosomal apparatus engaged in the digestion of macromolecular substances. This material enters the cells by a system of interconnected tubules and vesicles. The apex of the cells of the second proximal tubules is characterized by a brushborder and many small electron transparent vesicles, possibly involved in nitrogen catabolism. The outer cell membrane of the cells of the collecting tubules and of the ureters shows some villous projections. The central and basal parts of all cell types have an important structural specialization in common, a basal labyrinth (Figs. 4, 5 ). This structure makes up most of the cytoplasm in these cell types, especially in the collecting tubules and in the ureters. It consists of an intracellular system of branched membranes, lining saccular spaces. These spaces are connected with the exterior of the cells by rows of small oval pores. The pores are located in the lateral and especially in the basal parts of the cell membranes. The membranes probably contain multi-enzyme complexes involved in ion transport between primary urine and blood (Wendelaar Bonga and Veenhuis, 1974a, b) . Up to 90% of the mitochondria present in the cells are located between the membranes of the basal labyrinth. They presumably supply the energy for the ion transport processes.
Cell height and nuclear volume of the tubular epithelia were determined in paraffin sections. The surface of the membranes of the basal labyrinth and the volume of mitochondria and lysosomes were estimated by lineal analysis of electron micrographs. The neck segment was not taken into account because of its small size. a) Sea Water, Day O. The cells of the nephronic tubules and of the ureters are qualitatively as well as quantitatively similar to those of the seawater sticklebacks studied before (Wendelaar Bonga, 1973a) . The results are presented in Figs. 6 and 7 (day 0). b) Fresh Water, Day 3. The kidney tubules of the prolactin injected fishes show marked signs of cellular growth. The values found for all parameters are higher than those of the seawater group and within the range of the values characteristic for freshwater fishes (Wendelaar Bonga, 1973a) . In the controls only minor changes are found at day 3. In the prolactin treated fishes cell height (Fig. 6B ) increases in all nephronic segments and in the ureter. The increase in height differs considerably in the various epithelia, from 24% in the first proximal segments and 14% in the second proximal segments to 43% in the collecting tubules and 53% in the ureters. The differences with the controls are statistically significant (p < 0.01), except for the difference between the second proximal tubules (p > 0.05).
The surface of the nuclear profiles (Fig. 6 B) also shows a considerable increase in the prolactin injected fishes, varying between 18% in the first proximal tubules and 80% in the ureters. In the controls the nuclei of the collecting tubules and of the ureters have also grown, but the differences between the prolactin treated fishes and the controls are significant for all cell types (p < 0.01).
The increase in the fractional volume of the mitochondria (Fig. 7A) is high in the prolactin treated group and varies between 40 and 70%. The difference with the controls, where a notable change is only seen in the collecting tubules, is significant for the second proximal segments and for the ureters (p<0.01). The extent of the basal labyrinth (Fig. 7B) , unchanged in the controls, is enlarged by about 40% in the cells of the prolactin treated group. The difference between both groups is significant for all four cell types (p < 0.01 ; second proximal tubules and collecting ducts: p < 0.05).
The lysosomal system in the first proximal segment shows signs of activation in the prolactin treated group as well as in the controls. There is an increase in the number of electron transparent vacuoles and small electron dense vesicles (Fig. 8) . The latter are presumably primary lysosomes. Large electron dense vacuoles, supposed to represent secondary lysosomes, are also more numerous. The percentual volume of both types of lysosomes in the prolactin treated group (1.4_+0.3%) and in the controls (1.5+0.4%) is more than twice that of the seawater group (0.6_+ 0.2%).
In all four cell types strands of granular endoplasmic reticulum and free ribosomes, normally found in low numbers throughout the cytoplasm, have increased in number in the prolactin treated group as well as in the controls (Fig. 4) .
Day 6. The values found in the prolactin treated group 6 days after transfer, are similar to those found at day 3. On the other hand, marked cellular growth has taken place in the controls between day 3 and day 6. The result is that the differences between prolactin injected fishes and the saline injected controls, important at day 3, have been greatly diminished at day 6.
Day 9. The values found for the prolactin treated group as well as for the controls are similar as found at day 6. There are no significant differences between both groups.
It is concluded that transfer of seawater adapted fishes to fresh water leads to a pronounced cellular development of the epithelia lining the nephronic tubules and the ureters. In the controls this development is completed after 6 to 9 days. Injection of prolactin accelerates the growth processes and values characteristic for freshwater fishes are reached in 3 days.
c) Additional Observations on Renal Tubules. In freshwater sticklebacks transferred to sea water, indications of reduced cellular activities are apparent. Cell height and nuclear size decrease and reach values characteristic for fully adapted seawater fishes in 6 to 9 days, in the nephronic segments as well as in the ureters. An ultrastructural survey showed increased lysosomal activity, especially in the collecting ducts and in the ureters, where lysosomes are normally very scarce. The lysosomal activity leads to cellular involution by autophagous digestion, as is concluded from the frequent occurrence of membrane bound vesicles containing cytoplasmic components (Fig. 9) .
III. Juxtaglomerular Cells
The cytoplasm of the juxtaglomerular cells contains many small granules (~: 0.3-0.6 ~t) of a moderate electron density. These granules react positively to PAS staining in paraffin sections. In seawater sticklebacks the number of juxtaglomerular cells is higher than in freshwater fishes (Wendelaar Bonga, 1973a) . The present observations show that the nuclei of the cells decrease gradually in size during the first 9 days after transfer of seawater fishes to fresh water, in the prolactin treated group as well as in the controls. Injection of prolactin does not notably influence the rate of decrease of the nuclear size (Fig. 3d) . In animals fixed at day 6 or 9 small lysosome-like bodies are frequently found (Fig. 10) . These bodies are seldom present in cells of seawater sticklebacks. The increase of these bodies points to enhanced autophagous digestion of cellular components. Indications of release of the content of the secretory granules (exocytosis) were not observed in any of the groups. The staining characteristics of the cytoplasm in PAS-treated paraffin sections do not notably change in the days after transfer.
It is concluded that the cellular activity of the juxtaglomerular cells is slowed down after transfer to fresh water. This process is apparently not influenced by exogenous prolactin.
Discussion

L Renal Corpuscles
In marine teleosts, renal capsules and glomeruli are in general smaller and lower in number than in freshwater fish (Marshall and Smith, 1930) . In accordance with this finding, it has been found that glomerular diameters of euryhaline sticklebacks from the sea are smaller than those of freshwater specimens (Ogawa, 1968; Wendelaar Bonga, 1973b) .
The glomerular filtration rate (GFR) and/or the percentage of functioning glomeruli (Lahlou, 1966) is also generally lower in seawater dwelling fish. In euryhaline teleosts, the GFR values reported for freshwater fish surpass those for seawater fish by a factor of 3-4 in european eel, Anguilla anguilla (Sharratt et al., 1964; Chester Jones et al., 1969a) , by a factor of 4-6 in coho salmon, Oncorhynchus kisutch (Miles, 1971) and even by a factor of 15 in rainbow trout, Salmo gairdneri (Holmes and McBean, 1963) . Thus, the structural and physiological data indicate that glomerular size is positively related to glomerular function.
The present results support this conclusion, although the differences observed are small. Transfer of seawater sticklebacks to fresh water leads to an increase of glomerular diameter within 12 h. Changes in the GFR in euryhaline teleosts upon transfer to media of different salinity are noticeable within some hours (Holmes and McBean, 1963; Chester Jones et al., 1969a) . Determinations in seawater adapted coho salmon exposed to fresh water have shown that the GFR increases shortly after transfer. Adjustment is completed after 10 to 12 h, when a four to six fold rise has been established. The increase found in glomerular diameter in the present experiments is low, and amounts to only 5-8%. The glomeruli proved to be very sensitive to rapid changes in blood pressure. They tend to collapse after abrupt changes in blood pressure as induced by anesthetization or decapitation. It is indicated that glomerular size reflects primarily the difference in the hydrostatic pressure between glomerular blood and glomerular filtrate present in Bowman's capsule. As glomerular size responds rapidly to short-term changes in hydrostatic pressure, its use as a parameter of the GFR is obviously limited. Pressure changes during the preparation procedure are hard to prevent.
In sticklebacks, the podocytes are better developed in fresh water than in sea water (Wendelaar Bonga, 1973a ). The present results are consistent with this observation. Transfer of fishes from sea water to fresh water leads to activation of the podocytes, as is concluded from an increase in nuclear size and a rise in secretory activity. Secretion of mucous substances by podocytes has also been reported for some mammalian species. The products concerned are presumed to be incorporated in the glomerular basal lamina (Latta, 1973) . Increased secretion after transfer therefore indicates an acceleration of the turnover rate of the components of the basal lamina after the animals entered fresh water. The increase of the capsular diameter and the activation of the podocytes are slow processes. Freshwater values are reached after 6 to 9 days, i.e. probably long after the GFR had stabilized at its high freshwater level.
Noticeable changes in the structure of the mesangial cells were not observed during the first 9 days after transfer. The functions of these cells remain unclear.
We found that injection of prolactin does not notably influence the structural changes in the renal capsules. This finding is contradictory to the conclusion of Lam and Leatherland (1969 b) , based on transfer experiments by these authors and on data presented by Ogawa (1968) . They have suggested that glomeruli of sticklebacks pass through a yearly cycle of growth, in the spring when the animals enter fresh water, and of involution, in autumn when they return to the sea. The prolactin producing cells in the hypophysis show indications of a parallel cycle in secretory activity. Since Lam and Leatherland furthermore have observed that prolactin injection influences glomerular size, they have concluded that prolactin controls the GFR. Ogawa (1968) has found that the diameters of the renal capsules and of the glomeruli of sticklebacks are larger by about 20% in autumn than in spring. The specimens examined in autumn were, however, smaller in size than those studied in spring. We did not find a similar seasonal difference in seawater fish of the same size; on the other hand, the size of capsules and of glomeruli proved to be positively related to body length (unpublished observations). We suggest that the data reported by Ogawa reflect differences in body length and do not point to a yearly cycle in glomerular development.
In transfer experiments, Lam and Leatherland (1969b) examined the effect of prolactin injections given on alternate days from one week before to one week after transfer to fresh water. At the end of the experimental period, no difference was found in capsular and glomerular size between hormone injected fish and control animals. One day before transfer, the glomeruli of the injected fish were smaller than those of the controls. One day after transfer, a further, although transitory, decrease was observed. Control values were reached after 3 days: In the first days after transfer the glomerular ratio was higher than in the controls. These data are hard to interprete and, in our opinion, do not exclusively point to a regulatory role of prolactin in glomerular function. Especially the decrease of glomerular size one day after transfer, when a rapid increase of the GFR did probably occur, is not consistent with the presumed positive relationship between GFR and glomerular size. In the experiments dealt with in the present study, prolactin did not have any effect on the size of the renal capsules or the glomeruli. It is concluded that structural evidence in favour of a role of prolactin in glomerular control is insufficient so far.
The stimulating effect of prolactin injections on urine flow in hypophysectomized freshwater fish (Lahlou and Giordan, 1970; Stanley and Fleming, 1967) may be held for a physiological indication that this hormone influences the GFR. But, although many hormonal factors are known to influence the GFR, a direct effect of prolactin on glomerular filtration has not been reported so far. In freshwater eels (Anguilla anguilla) GFR is stimulated by several other substances, like urophysial hormones, cortisol (Chan et al., 1969) , adrenalin, angiotensin or extracts of Stannius bodies (Chester Jones et al., 1969b) . The stimulating effect of prolactin on urine flow may therefore be mediated by a reduction of water uptake in the renal tubules and in the bladder. Such an effect of prolactin has been demonstrated for a number of epithelial types. Lam (1969) has shown that the osmotic inflow of water in vitro in the gills of sticklebacks is reduced by prolactin. It lowers water reabsorption in the gut of seawater adapted eels (Anguilla anguilla; Utida et al., 1972) and in the bladder of several teleosts (Hirano etal., 1971; Johnson etal., 1972; Doneen and Bern, 1974) and is supposed to reduce water uptake in the renal tubules (Ensor and Ball, 1972) .
II. Nephronic Tubules and Ureters
Transfer of seawater sticklebacks to fresh water leads to growth of the cells, which is especially marked in the collecting ducts and the ureters. In the cells of the first proximal segments the increase in cell height is limited, but the surface of the basal labyrinth per cell almost doubles, as does the volume of the mitochondria. These results show that the value of cell size as a parameter for intracellular changes is limited in these epithelia. The growth rates are higher in the collecting tubules and more especially in the ureters, than in the proximal segments. The differential growth rates of the cells result in a gradient, from neck segment to bladder, of cell height and cellul!ar development. The lower values are found in the first proximal tubules, the higher values in the caudal parts of the ureters. This result is consistent with data from freshwater sticklebacks presented before. The kidney tubules are better developed in freshwater sticklebacks than in specimens obtained from the sea. In freshwater but not in seawater fish a structural gradient is present (Wendelaar Bonga, 1973a) .
The differences between freshwater and seawater fish can be interpreted in terms of functional difference in ion transport. It is known from euryhaline teleosts that osmotic and ionic regulation is more intense in fresh water. Large volumes of a dilute urine are excreted, which implicates an intense reabsorption of especially monovalent ions by the renal epithelia. In sea water, small amounts of almost isotonic urine are formed, containing mainly divalent ions secreted by the kidney cells (Hickman and Trump, 1969) .
The present results show that structural changes in the kidneys of saline injected controls become visible between 3 and 9 days after transfer. But structural adjustment is already evident within 20 h when some other parameters of cellular activity are taken into account. These are the number of membrane associated particles and the number of pores in the nuclear envelope. These parameters have been studied in freeze-etch replicas of the cells of the second proximal tubules (Wendelaar Bonga and Veenhuis, 1974a, b) . The density of particles associated with the outer cell membranes and the membranes of the basal labyrinth, as well as the density of nuclear pores, are consistently higher in freshwater fish. The particles presumably represent in part multi-enzyme complexes involved in ion transport, while the number of nuclear pores is related to the rate of nuclear-cytoplasmic interaction. After transfer of seawater fish to fresh water, an increase of particle densities was observed after 10 h.
Values characteristic for freshwater fish were found after 20 h. The number of nuclear pores increased within 10 h to freshwater levels.
Thus, adjustment of kidneys from seawater to freshwater conditions involves, during the first day, a rapid activation of the nucleus and a subsequent increase in number-and probably a change in composition-of membrane associated protein complexes. Adjustment is completed during the following days by growth of the cells and especially of the basal labyrinth and associated mitochondria.
The rate of adjustment of kidney morphology can be correlated satisfactorily with the rate of adjustment of kidney function, as deduced from literature concerning euryhaline teleosts. The major change occurring after transfer from sea water to fresh water is an increase of urine excretion and a marked drop in urine osmolality. The latter is effected by increased reabsorption of ions in the kidney tubules and the urinary bladder. In the flounder Platichthysflesus urine osmolality drops rapidly about 6 h after transfer. Complete adjustment requires 3 to 4 days (Lahlou, 1967) . In migrating coho salmon, increased ion reabsorption is indicated within a few hours, while freshwater values for urine volume and osmolality are found after some days (Miles, 1971) . In sticklebacks, a fall of urine osmolality is observed after 4 h. Osmolality decreases gradually to half its seawater value in the first 24 h (Lam and Hoar, 1967) . The latter measurements, like our observations, have been made in winter. In the spring osmolality is reduced more rapidly. More data on sticklebacks are lacking, but it may be assumed that also in this species complete adjustment requires several days, similar to that found for the structural adaptation.
Injection of ovine prolactin accelerates the structural adjustments. The cellular growth processes are finished within 3 days, compared to 6-9 days in the controls. Ovine prolaction has close immunological resemblance to fish prolactin, and it shares its osmoregulatory properties with the latter (Ensor and Ball, 1972) . Prolactin is essential for survival in fresh water for many euryhaline teleosts. It greatly improves the ion conserving capabilities, and facilitates greatly the osmoregulatory adjustments during migration from the sea to fresh water (for reviews see: Ensor and Ball, 1972; Lam, 1973; Johnson, 1973) . Prolactin stimulates renal ion reabsorption in sticklebacks after transfer to fresh water (Lam and Hoar, 1967) . A stimulating effect of prolactin injection on cell height in kidney tubules of freshwater eels (A. anguilla ) has been reported by Olivereau and Lemoine (1968) . Furthermore prolactin stimulates enzymes involved in ion transport, Na/K-ATPase and Mg-ATPase, in kidney cells of the killifish Fundulus heteroclitus (Pickford et al., 1970) . The main location of these enzymes is the basal labyrinth (cf., Wendelaar Bonga and Veenhuis, 1974a, b) .
Our observations show that structural adjustments in kidney cells of uninjected controls are delayed by some days when compared to prolactin injected sticklebacks. In all probability, this delay represents the time required for activation of the prolactin producing cells in the hypophysis and for establishing adequate blood levels of endogenous prolactin. In winter, when the sticklebacks live in the sea, the prolactin producing cells are relatively inactive, as judged by physiological (Lam and Hoar, 1967) and cytological criteria (Leatherland, 1970) . These cells become active during migration in spring, and remain so as long as the animals stay in flesh water.
III. Juxtaglomerular Cells
Transfer of sticklebacks from sea water to fresh water is followed by a reduction of the activity of the juxtaglomerular cells. This is concluded from the observed decrease of nuclear size and from the occurrence of lysosome-like bodies, indicative of cytoplasmic involution. These results are in line with former observations on seawater and freshwater sticklebacks, showing that the juxtaglomerular cells are far more numerous, and the nuclei of the cells larger, in sea water. A similar positive relationship between development of the juxtaglomerular cells and salinity has been found in other teleosts (Meyer et al., 1967; Oguri and Sokabe, 1968) . Lagios (1968) observed signs of cytoplasmic involution in the juxtaglomerular cells of Cymatogaster aggregata after transfer of seawater adapted specimens to lower salinities. Krishnamurthy and Bern (1973) reported changes indicative of an increased secretory activity after transfer of freshwater Tilapia mossambica to sea water. Data on renin content of kidneys and blood during transfer of euryhaline teleost are conflicting, however. Capelli et al. (1970) found for several species, that renal renin content was inversely related to ambient salinity. This relationship has not been found in experiments involving transfer of fishes from sea water to fresh water. Nishimura et al. (1971) reported that in the eel (Anguilla anguilla) renal and plasma renin activity are lowered after this treatment, while Malvin and Vander (1967) found no difference in Tilapia mossambica. Sokabe et al. (1973) found a transient increase in plasma and renal renin activity in freshwater eels (Anguilla japonica) transferred to sea water. Our results support the conclusion of Nishimura et al. (1971) and Sokabe (1974) that the activity of the renal angiotensin system of seawater teleosts decreases at least temporarily after transfer to fresh water. In sticklebacks, this process is probably not influenced by prolactin. The present results show that injections of this hormone do not have any effect on the size of the nuclei of the juxtaglomerular cells.
